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OAP x A. R IP O^^F : GH^-tGhana, G WLJ?> tTT Gambia, K E ^-7 Kenya, L Sl/VF Lesotho, 
^ ' MW-^y Malawi, M Z -^if >- 1'— ^ Mozambique, S ID X — ^ >- Sudan, S L v^:7 Sierra Leone, 

S Z * !7 5* 7 K Swaziland, X Z ^ Zs*f~7 United Republic of Tanzania, UGl)^y^ Uganda, Z IVUFV t'T Zambia, 
ZWv^W^i Zimbabwe, SU^^W^n h3;vt^ft^M)^@T*)5te©I (m<omm<Z>&mXit® 031^ 
tz&*M±lz&®-t<5) 

□ E -A. — ^ 4#f^P : A IvIT/i^ ~T Armenia, A. Z Tlf/W^ i^-y >- Azerbaijan, B Y ^< 7 A— Belarus, 

PC G ^r/U^f 7*$ V Kyrgyzstan, K Z # *ir* 7 ;* ^ >- Kazakhstan, 3VI ID ^-/U fV< RepubHc of Moldova, RUn Russian 
Federation, X J * v>3r* * V Tajikistan, X VI K/V * * — * * > Turkmenistan, &U^— 7 -VTltf^fa t#frtt^^3R)^ 

E E 3 — r= <y s<%$t ± F : -A. X * MJ7 Austria, B E ^/W^r— Belgium, B G ^A^f y T Bulgaria, C elek! L I 
* ?*Ikl$ 'J t 7^ $41/ Switzerland and Liechtenstein, G Y ^rZfu * Cyprus, G Z J-x. = Czech Republic, ID E K^f 

*y Germany, ID KIt^ >"^— ^ Denmark, E E h^T Estonia, E S 7^*<4 > Spain, E I 7 ^ >^ > K Finland, E R 
7 =7 France, G B United Kingdom, GR^'J >^r Greece, HU/^!)- Hungary, I E 74 fV=7 V K Ireland, 
I T>f^'J7 Italy, LU;^ty//V; Luxembourg, MC^fn Monaco, JsX L ^7 >^ Netherlands, R X /tfA' h tfjV 
Portugal, RO/l — -7-7 Romania, S E^^x-T^Sweden, S I * cr Slovenia, S K.^&s^^-T Slovakia, XR 

= Turkey, &tf3 - n '^f^ft) 1 4tfr^^^t)O^IST'fe 5fib,CD@ 

□ OA O A P I 4#t*r* : B E "f ^-i"7 t V Burkina Faso, B J *<-f> Benin, C F 7 y # Central African Republic, 

G G =i ^ =fj£fQM Congo, C I =>— b v^jtf 7 ^-/^ Cote dlvoire, O M 2> ? A — Zs Cameroon, G A > Gabon, G N T 
Guinea, G Q SfjI ^r — T Equatorial Guinea, G W^r— T • fc'lr £ Guinea-Bissau, Ivl L y Mali, Ivl R y ^ — T Mauritania, 
NE-^x-;VNiger, S NT ir * Senegal, TD^-rKChad, X G h — =f Togo, £.tfT 7 V #&&t)^1#*&tttfM 
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n A E7 7yflil» DGH^-tGhana DOMt^-y OmaD 

United Arab Emirates DGM^ytTGambia O E G — =. — — T Papua New 

□ AG7>7>f^7' 7— y □ H! R ^ u7^7 Croatia Guinea 

Antigua and Barbuda □ HU^V^ 5) —Hungary □ P H 7 >r y f>- Philippines 

O A L T/W^T Albania □ I ID 4 ^ K-^ isT Indonesia O E L 7 ^ K Poland 

□ AM7/W>^7Annenia CDI L 4 * 7 ^/Hsrael □ F> X ^/i- h /V Portugal 

□ AX^"— ^ h V7 Austria □ I N'fVK India DR 0/V-7^7Eomania 

□ ATJ*— X h7 1)7 Australia □ I S7^7^K Iceland □ R U n ->T Russian Federation 

□ A Z 7f;wqi/ty Azerbaijan □ J P S^Japan O S G ir— ^ /V Seychelles 

□ IC E *T~7 Kenya □ S E> ^ — ^ > Sudan 

□ B A#* = T • ^7x=>*k't Bosnia □ Kl G ^r/V^r^ ^ V Kyrgyzstan O S E ^ ^ ^ Sweden 
and Herzegovina □ Kl P itmf& □ S G is is 13 s$—/U Singapore 

□ B B s</\"< Barbados Democratic People's RepubHc of Korea DSK^n /<^7 Slovakia 

□ B G -JUi'lS y T Bulgaria C2) Kl R RepubHc of Korea □ S L i/s 7 V^"^ Sierra Leone 

□ BR ^7 i^/W Brazil □ Kl "Z. iofy > Kazakhstan □ S Y*/'J7'77^ Syrian Arab RepubHc 

□ B 7 /W— Belarus □ L Ct^ h/Vv'T Saint Lucia □ X J 5 i/^*?^ Tajikistan 

□ B Z -<y — XBeHze DLK^U ^ Sri Lanka OTM h/l-f * =■ * * > Turkmenistan 

□ CA^t^Canada DLRU^UT Liberia •»•—» 

□ G HandL I X^^Kt^9 tt>^^>fy □ L S l^y K Lesotho □ X IsT ^ - i^T Tunisia 

Switzerland and Uechtenstein OLXy h7-7 Lithuania □ X R Turkey 

□ C N^H China □ L U/V^ ir>"^/U^ Luxembourg O X X h V =- V— K • h/^^ 

□ G O = o > tTT Colombia DLV7K7 Latvia Trinidad andTbbago 

□ C R=»X* V Costa Rica DMA^n ^ Morocco OX Z *>Hf-T 

□ G T_J^-/n* Cuba : DMD hV< RepubHc of Moldova United RepubHc of Tanzania 

□ G Zfxn Czech RepubHc D XJ A. ^ 7 >T ^ Ukraine 

□ ID E V4y Germany O M G t # /l^ Madagascar tl^ U ?^ da ' 

□ DKr>"7-^Denmark □ ]VI K ^ K-T IB^-- =T^ 7 K7 

□ ID Tvl K $ — ^7 Dominica ^fDS The former Yugoslav RepubHc of 

□ 3D Z7/V^i!J7 Algeria Macedonia 

□ E G ^ ^ T K/V Equador DMN^y^ MongoHa 

□ E E^^ K—T Estonia aivrw-^^^^ Malawi 

□ E S ^-^-O Spain Mexico 

O E I 7 >f > 7 > K Finland DM Z ^ If Vt*— ^ Mozambique 

CD G B 3£d United Kingdom ON I —-ftytfT Nicaragua 

□ G T> 7 U-f- # Grenada □NO//l' , )x —Norway 

□ G E ^/Vv?T Georgia □ N Z -3.-^—7 > K New Zealand 



W U S United States of America 

□ I_J Z ^X^^r^^V Uzbekistan 

□ vcty htvt^ hRXtfi'i' 

r ^ * V 1 ^ Saint Vincent and the 
Grenadines 

□ VN-< hi" A Viet Nam 

□ YUt/Vt'7'^yn^n Serbia and 
Montenegro 
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z.x j&z>m% * * v mm\zmt> z> 0 

mits mmit. fenzxtm. -m<?>M&teit&mn ztix^z. 

3^ii*l:ffl^fcFRAM ( Ferro electric Random Access 
Memory ) m m if h th 5 . 

20 -^-,J:3lV>^V>5^^^fe5o — £\ FRAMtfc-V^ttt, » 
# #1 & *T ISi III l& # s ft i V> 5 ^M^JaM^tbTV^^o 

M 7L it Twang et al.,IEEE Trans. Magn. 33(1997),4498 J K fa 
i^tlt^SJ: MRAM ( Magnetic Random Access 

25 Memory ) fcPffcfjh/Smat^^y-efcS. :OMRAMH, fit it 
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•r ; & x* Wj ft "sx ffi -c h 5 r. t & £ tix z> 0 

£l 2ft ^ (Tunnel Magnetoresistance : TMR) ^ N £ 
3ft « » W * » « » *: L » % iM«ttI©«ftol@>Pt^ 
/ht^Sc ^Ui^t L T © « fig tt *'*B « *§ J: 

© iri # *s # ^ — ^ a: s titcmitm^m t ^^^^attg 

^Jifn©Iittl©7i^y^S$^p l, p 2 ttsi, TIB 

© 5£ (a) t*t$ii5o 

2 P 1 P 2 / (1-P1P2) (A) 
1 6 4 9 0 f-^f Ci/T$ntV^ i p ItOlf j/ h » # & 

^ ^ ( $ $ if y h m ) t , wtbe>a»^ifs'h##j&^j»^ 

25 m&1r ZM%:(D ? - K»t&^i&(V^;btf>5l7- K ifc ) «r R , 
RAMTEtlrtT^tli, r^^n^ KftttSrUJI UTTMR 



2 



izn, Cu-^A 1 i:V^cfc^i^1?If ffil^iisi^fl^^f 
ffl £ tv, ffl Z-ltfcfcMR 2 OOe^if tO. 2 5 /z m ^ i|>I © ♦ 
5 # iA ^ m -C # # iA * (i „ m 2 m A <D M. ffi & & £ t? £> o . 

» # a*j*©ff s ***** t ri ^(D^^m^^^«3. 2 

XI 0 6 A/cm 2 £ftt> v ^l^ Fnv^k^-i/ayiaSl 

TMR|f(0§l^^iil^5:H5ilf^6o T M R St ^- 

L J&> L ft a* 5> N t«x.lfMRAM©3afi«gO|R]±l: I W t Lt 
15 TMRlf ^»»fttf:I^tlt TMRlf Offil*i51#t 

20 MRAMl^^tTMRl^rolgttt^l^illtff, 

R9a<& a* fe s o 

tot, TMRlf Cit ififi47^fo^ K ft ** «: IS * 
25 5fc^^)^m#'ttt*febtL5 0 

ISKl47^fo^ K ft III &• % * 5 ft tt % TMRi^S: 
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£ MRAM©TMR|^|IJolt5ta©i^aiL(i, 

k: — ha* sFtT-cfc***^* "o" 
10 it (mm.^m^<tm) as^v^s £#*u-cfc t> . S5 5i-einf ^as^ 

Oi^(lTMRit^/^7XtJ±ft#tt(a D # * -f 5 « JE (V 
h) ^S8*mu^t©«:^i«:i5ri^^e,Jitv^5©-e, 

$j "C *> 5 o 

20 figoT. MRAMClV^|l5TMR$f HTtt, ± *E © * 

5£ (A) ©P 2f^$tl5^t°y^i*^^|< ^5 j; 

25 ft t -T Z> i» h Mtt.1r 5 t s -)g«lHTMR|fc«I^Hc 

ifi m * -r s m iri h z> . 
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— 2f , D:Ht^i(Sf^Lt^f)Jl5^--7n/f iPf|fJi5N i 8 
0Fe20 & & ffl V<» ft » K % ^a^Hcttf&gc 

5 H5:H^T*t5t)©©, ±!©Co75Fe25 

-a- & t it m. u t * t° > # }i #s fc t;i t m r it 3* 3 3 % m m 

£ . ill© 2 o©».^O^^CD*f|(7)3*i4l:tt5 C c 9 
OFelO (J^^%) m\<^ Z> t , 15 3 7%OTMRJt^# 

10 6»*l5iftl:» «IAHc*J:aoCo 7 5Fe 2 5 ( H f % ) 
^ & £ N i 8 OF e 2 0 ( jB£ f % ) ^^t^cpPeim^^ftlX-ktL 

5 a* , R-H/v-^^^SJ-ft;^*?, «#oA^^-srigi:i-6T^ 
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mzmm-r z> t> cox* $> z> o 
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&XhV , B 3 Wt > «l7x5f5tSrlrt5TMR#f 

10 f5, ^ n ^ tK^ >- h R AMT U ^ <£> ^ £ ^ "t" $E B& If 0 

6 14 , TMRif ©ififfi©TEG©¥I0-efcD, 0 7 f4 . m 
6<DA-A\Z.5otfZ>WrmmX&>Z> 0 

15 »W4r-Hlfci-5fc*©*A©^tt 

*j-033H&f£S a* I 3 PflJf S:^ L T M ft $ tt T * •? . 01 

T^^if ^iittl^fe^?>lfti^l, * HQ M CO _h lc # ft R » 

£ # & w * ±SB«ti^fitS!b^5(i^{c*3v>T, mm^^vm 
25 i& ;st # t> u < » ¥ # # a> £> s h ^ * ^ y r m & m ^ -k. hi<-* 
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15 :©TMR|f lfi, v^U ayii»e,45iS2±l:, T±6« 

sp — ft Hj£»5fc*jh^ m # a* is ft g a 

tLT, I^MDIff t;OTMR|f 1 ^rigffi L- fc ^ 
S 5* «B ft JB 4 WU 5 £ ^ 
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■bffi-itmfem 5 com it* r & £ * -r % ttjbisi 5 a ft <£> ft t 
1 tfev^ttt, m * © 9ft a tt s -r* $> 5 a ft s m s 7 *r # & ^ g& a 

if iaot]i{bgg^t6o IftgftI 7 [i, T M R lit ^ 1 £ 

R&m&m 4 &m&-t zttn t i,x f e , n i % p t , 1 

r . Rhf ?:ttfMn^^, C o & ft m , N ilft^S^tlf 

10 Iftlf I 5 ^*^t5^tttfttf^t Ltfi, 4*fc:Rj£ttfc 
^ ^ % A . = y ^ /i' . 3/<;H^ioilH<lt2iHi^^5 

0 1 \z. T * fy^;^S©TMRi^ 1 43 V>T(±, S£ ft S 
3fe Jf 5 f± % S 3£ 14 Jl 4 r £ Ciotl 

15 ftcD[S]#£ — t^Jx5, r © t , ##iA^O^C0«»{t^#^ 
t t)lfk@tl 5 © « ft tt K L ft „ 

i& K # « 5 £ t> fc: , h>-^/v«^^»Sti-fc^(DS-efe5 0 

20 g. Si, Li, C a«©»ft«, £ ft AD^yftllOl 

Z<D £ 5 ft fy^;^<y7i6f±, * >"? y * y ^ ^ j£ H # 



(Fe, Co, n i m) <d & T*&m&m 

i^Lfc^^^TMRl^tli, m 5$ b J; 5 , * fc° > # 4^ ^ 
5 Sri^St^m^^if^bTbii; 5 £ V 5 f£ fe o „ 

^:T'JSI3lltt«S^lfcS 7 ffl 5 d £ ^ J; 9 , 

R-Hft«©^«tt^^it, mr AM^oa^7« ^ y m wfcm 

m b fc m & <D tf £B <7> ^ tULIu^bS, TMRi^ ©7^f 

£ km, a^jfcsiKfcgfcji 7 * h >*s^s< 

v 7i6©±[uiaib h ^ * /w* y 7i6©Ti^naitt 
#&i>*t>ftzm<kmfem 5 zmm-* z z. t \z: £ 9 , t m r j± ( & 

15 w^-e, Fy|;wq7l6T©8ftlfi5(:Co 7 5Fe 
2 5 (JBR J F-%) ©*&J*<£>J£iII»5&«Bt£ trffi , h^*/W*y 
7l6±©«ftgSl7K: (Co90FelO) 80B20 ( JDK 

20 A|I/7t„ 

£ , Fy^;w^7iT<oilkl£lt hy^^yril 

Olfta^ll:*tCo 7 5Fe 2 5 ( IS % ) ©|I^©g|f 

S^-^^^^ft^^aiJ^b/c^m^S 2 B ^ -f o 
25 £ <b , fy^/WN'y 7iT©I(kl!lli fy^^^!)7i 
108ftSftIl:*l: (Co90Fe 10) 80B20 

if Co^T, 3S^-^£l$a:|§ft||£aiJ^bfc*£J|l£IU2 C ^ tjk 
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I2A, 12 2 B , & 2 C <D&WIZ&\,^X . Mlilft^* 
iS m. <D m fit <D ft 9 , TMR ( ^^/Hlfia^lHJ: 5 
}£ fct 2* gHfc L fc Jfc ^ ) Sr%t*LtV^5. 
5 02Ai02B*Jt8ELtfcii»5J;5lu, EMfc @ S 5 ^ d 

U T x #0>ji©TMR©*^ttK:ffiat5TMRJt O^^/H' 
10 MiSfct^b^) i5^t<^ot^SJ:*li> ftI*Hcli/h§< 
4oT^5. 02 A-CttTMRJt^lB5 0 % "C ft & H c # 3 5 
O e tt iff , i 2 B-eiiTMRit^S 3 2 %fftl^]H c ^ 4 0 O 

*S |bJ ± b X -5 t * , ^/l'^^[>-^>'/'l'Xt ) {S^$tl,TVN§ 
15 £ £ # fc> a* 5 „ 

h>-^/Ht^^{£^-T5ri:aSpTtgi^D. T * T n K ft 
jH©7g#asi£#$;h,6wfcj&S;b;&>5o £ ft t£ «fc !> , 0» *. M R A 
20 Mf^ll^ *r y ft fc: iS /B L » fc: , »#i£^#44£pS]±L 

R it & m 5 ft ^ % #|*;*<D7gtft©J:5te. 1> y^/i'^ !1 71 
6TOlftgtl 5 lc Sfe S « gaiKtt # W S: ffi hy^/w^D r 
l6±^afkg*Ji7(c:^f H ^^at4^3isf^fflv>5c:^asM*b 

11 



h ^ * y TST^^^tiji ( _L ® £S hi/^/w^y T m\~lk1r 

5) ^ Jiff V^C £ # TMR*^^^^7° 

f£ t£ il tfa {b L , ^f B R3Satt« / F>^/w<!) T JI © # ® © 
10 Wilf A 1 - O x fife 5 hy^;>^y Tltt, 2£ tfa Sf « 5t £ 

15 mm ^^itxmm^^^wmm^mmir ^> ^ t ^iitfc t? , ^ 

ft, £iJf 7 i^fflv> btiZltikm&m&ttm t uii, F 

25 e, Co, Ni©Fefc»«te5c*m*tUT,i^IB**o^K7c 

iti?«ii5B, si, c, p m <d ^^m^m^ , t i , z r , 

Ta, Nbf ©/^^^ ?/V^A 1 , ^(liif ±I5ciY, L 
a, Ce, Nd, Dy, G d f ^iJB Lfc^if ^ilrffll^ C 
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i6l<^) (±I!uSf5) 7 

^tb^J:?)xe^:-«»ftj»(R-Hftj||l)©A^ttSr**U. 

*H c ©(fbol^fiit^C £ t> FT Si m ft 3 o 

^Lt, TMRJt (h^^/Htt^CS^t^-fk^) <Z> T :* * JE 

15 :0i5tffiI^Hc0|ff)O^jlll{gjLT, TMRlfl© 

t©TMRffl:f LT^51I^yiIl:TMR|? 1 & jg 

a it m m m 5 r t k j: r> s m it m m m £ « & a tt # 

£ « ^ fc * -s- £ «9 t> is V 1 t m r it ( v > * /vmm.mji^ikm) 

25 *5#feH6e 

iftgSI 7 i:(Dl^^bf CJ: ^ TMRJt (h^^ 
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RJf^UlIlt*^^ i£&$t:|*1!S£i«J££i^Jigi:£^£K: 

b # ^ ^ }4 . TMRJfc*s*<*6wfcfcJ:«?s ^ 15 li g£ # 3> 
?>0«#^^Sii«#l:)tt5TMRi^l + l <-T 

10 ^ tyt«S©i^i±SrH5 w t ^^riBlu/j;5 e 

$ ft ft 

iitfl3fi/Tfj;9l^ JK @ 3£ S 5 2* , f 1 oifbSSI 
15 5 a tl2©a{ki^l5 b t X'ltm&mm&m 5 c £ #e ^ i£ A, 

# 6 r t & -C # 6 o 

@3l:^tTMRi^ 1 0 "C «t , |l©ift|Sl5 aiSSS 
SSS 7 i *f ft L N 7 J£ fcfc £ *t ilL g& 

ii7i v mm<D&m&mmw-m 5 c ^rav^^s***** it 

25 (4. i « R u , R h , I r % Cu, Cr, A u % A g # ¥ If 
btl&o @30TMR|^ 1 Otfc^t, <D{&<D M &m 1 

ifcTMRif 1 t \z&mm(DMj$,x* h z> frfr , mi bm^n^- 
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w (o m m -7 « v «afi -r 5 t m r m * 1 0 k:*;vn-c t> , mit 

lkS^l5 b K ^ & « 3$ £|. £r ffl hy*/wq7!6J: 

sifcTMRif uh*k, m.m-mm^^ ( r - h a m > © 

:ifeRr«i:45. ft V 1 * t M R Jt (fy^/HSISfil 

Ji i£ O H J£ <D ?f0 ^ T? fi , l^S^illf if i: LTTMRi 

^(fv^/nK^tefts***-^) 1, 1 0 & a! ^ a* , # sb k tt * 

«&&£t8&l&£#5«/£, IP ■£> ^ *> # 5 C P PiOGMRlfC 

& m. & t> & v^ m y> m * <d m m- 1* «r n -c & 6 . 

*3SS©TMR*^ IrffiV^fcMR AMIIOV^T, H Sr # H8 b *s 

<b k 93 f 5 . 

<< £r > I4ll*t„ wtDMRAMT W H s It 17 — K|WL 
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V — h*BWL t \* y Y B. B L t <D & & iZ. %l & m <D T M R ft f # ga 
t^nt^5^^ !) t/H U^tt^o fiP^v ^(DMRAMT 
U^ttt, 3 X 3 © ^ ^ y t /H 1 -r h ]) ? X Vt\zmW £ ft Z> o 
ft, MRAMTV^fCfV^^STMRif Htli, 01^ 

5 ^tfcTMRi^ i upst^tif , «S7^y«5g^%-T6ia3 

5 « X ft fcf V^ ^ Jfc 5 4ft /* -C &> O T t> 4ft fc> fc V^ 0 

£ ]& 9 ffi b T . »fiB«aficS:El5^*i-. 

l 2±l:, y-httl3, y-^ill4Rt;Ki^^i^l 
5i>&45 h?^5?^^l 6**t5. y- Mi l 3 ii, 0B ^ 
15 tit} bffl <D 17 — KlWL 1 lri^LT^5 o y- Mil 3 ± fit N 

»|:ffi^t5) WL 2 iS^^$Htv>5 0 Fyy^^^ 1 6 © K 
i^-rv^^i 5 lei = ^ ^ ^ h^;n 7 3* & & $ ^ % § P> {z: 3 
^ * ^ h ^ /H 7i:iiT»ii 8 ^gi^^xv^^o i ©Ti 

20 € i 8±(om^^^m<D^ - KiwL 2 ©i^t^j^teiiii^ 

*%^©TMR|f 1 3* ^ £ ft x V^.^OTMRltfl ± t „ 
7-K»WL 1 2 iI5t5t'7 ( fu L fc t* s/ h 

• #iA^gU-fg^1-5) BL^i^^tV^. ft, Tftll 8 
„ ¥Itl©I45TMR*f 1 £ K^^lll 5 i^t^ 

* , #7 - KiWL 1 , WL2tTMR|f U^ftltS 
fcfe(7?jira^^l^l 9St;ail20h ift^f|f5/^^> 
- v- a ^ Bl ( B ^ * -f ) f^f LT^5„ 
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^©MRAMfi, h y^^^ y 71 6 ±© (±IC8t5) « 

^t^llfcTMRif 1 l:ffiV^TV^(Dt\ TMR 1 CO T M 

5 RJt<D^^T*«JE#c^tt;?)S 

r £ a* -e # 5 «> , ffifift!|K«£jli«&:tfclB^©tfi»j#safcfe 

10 ftjt^is^-^* D 7^f n-T K#tt%|pl±t5 ^ t ^715© 
15 (H16M) 

EtT, triiJB Lfc ^*W!fc^ftiWl:ov>T , HRg*l: 

ft , !5I^Lfci5l^ MRAMCttTMRlf 
y ^ .v it m <D h 7 ls*J* * 1 6 * I* * 0S -C Ml T 

20 MR#t££ff-<5fc 0 6 7 IC/Tt i 5 <t5S«tt h > 

< If IV 7* IV 1 > 

HI 6 m 7 \ZM 6 ©A-AHl*5»t5WfffiBlt"t*L^tL 

i 5 C #-(4i¥tifiJ3 3d T E G (Test Element Group) <hb 
25 T, SS2 1±C!7- KiWLi k'y F i B L HSjl ^ L t If 

£ tl , r. ft 17 — K*WL £ tT jx h j£| B L i©^lt5Sli^iuT 
MR3d^-2 2dSjF^^$tb/tfll5tS:f^3BlU*:„ ^ © T E G li , TM 
R 3d ^ 2 2 o . 5 /x m X S W 1 . 0 m m^tlRf ^T'fc !) , 
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V — K§WLSt5f> hm B LWM^tftlf^Sf^j' K 2 3 , 
2 4 7 - KiWLtlfy FiBLUAl 2 O 3 3> <b 

^5^^1^2 5, 2 6 £ o T S V W;i « fa ift^ ^ ili b fc « ^ i & 

ft # 1$^ , ftroi 5KttB6&t)«a 7 t*tTEGtf^« 
b 7c » 

SBIui^fbK (ff$2/*m) StbfcJP £ 0 . 6 

mmOv/y 3y^^5lS2 1 £: ffl # b 0 

^^^^^ioT-^^^ b fc ^ f£ 17 — KI^^©^^^rA r 7° ^ 
cOi:#, 17 - KIWL^^Wf^tt, S^2 1(D^$5nm*T' 
t^l, !7-KlWL?:IoT»i!|2 6^i^L, S ® £ ¥ 

a ft b fc 0 

^77-ffe3tr;iyf y^t:i5ff«Lfc. r cd g « , / (7) 
:fc«ias£jEttli:fcoT*59* () ft Mff £ ^ i~ 0 

T a ( 3 n m ) / P tMn(2 0nm)/Co 90Fe 1 0(2. 
5nm) / R u ( 0 . 8nm) /Co90Fel0 (3nm) X 
Al (lnm) — O x /Co90Fel'0 (3nm) / T a (5 
n m ) 

ft, Co9 0FelOf3:, TEM (IIMt^i^i) <D U fSk 

h > ^ /w< y t s 6 o a l - o x ft « x *-r^«A ii^dc 

* y # & J: V) 1 n m ±t SI $ -Br , ^©f ^t/T/i-n 

JtSr 1 : 1 i f + y^-^fxffSrO. lmTorrib, I 
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7XvBHKHUtlMLf; 0 & it B# I8J f* I CP/7X 

tti ^ ^ # -r 5 ^ N $ii^T'ii3 0 g> * t /c 0 

]£ , Fy^;^<!)7f6©Al - OJK^oKi, D C 

mm c Pf&f&mfi s Kx , iokoe^^#^ N 2 7 o t: • 

4 B# <D lift £0- 31 £ *t V ^ g^IttiffcSP tMnl^liiJftl 
#L 3S £ ^ 3tai4h^^^^^9^^.^L^ = 

iV^t, TMR*^2 2 RX^t<D T <DlfeMm 2 6 is 
10 ^lt, 0 6 t^t^ffi^^-^Srf tSTMR*^ 2 2 ^J^^ 

£ ^ Al 2 O s lr^^s/^t5c:i(:j:!J,j|$i 00nm 
a ^ 3& ^ JI 2 5 £ j£ bi l . £ h \z. 7 * h ]) y ? ? 7 \^ £ v tr 

5/ MBLSt^Sf^y K 2 4 £ ?g L N 12 6 HI 7 (31 ^ L fc 

15 TEGl:#fco 

< >- 7 s /l" 2 > 

mm /#&nfi£it& mm t l fc. ^ « ^ :/ ^ 1 t^tt ltt 

E G ^ # fc o 

20 Ta(3nm)/PtMn(20nm)/Co90Fe 10(2. 

5nm) / R u (0. 8nm) /Co90FelO (3nm) / 
Al (lnm) - O x / (Co90FelO) 80B20 (3n 
m) / T a ( 5 n m ) 

ft,(Co90FelO) 8 0 B 2 Oli, TEM (SSItf I 

25 ft*) O « J; t> N ^ H B aK«5t ^r^-r 5 r. t fcl&m £ *l . 

< If ^ 7° 3 > 

TMR*^oJi#|/&£T15<£>ii , 9. iP^^ B B B «a<b@^S/^ 
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E G lr#fc 0 

T a ( 3 n m ) / P tMn(20nm)/Co 90Fe 10(2. 
5 n m ) / R u (0. 8nm)/(Co90FelO) 80B2 
0 ( 3 n m ) / A 1 ( 1 n m ) - O , / (Co90Fel0) 8 
5 0B20 ( 3 n m ) / T a ( 5 n m ) 

< if ^ 7* /I' 4 > 

TMR*^<DJI*/&£TfB<£>ii D , fiP *> # ft ST 8Mb @ ?£ S / *6 

mm/m&mmfc s & s > l*~ &if ^^a- 1 t^itLtT 

E G £ » o 

10 Ta(3nm)/PtMn(20nm)/Co90FelO(2. 
5 n m ) / R u (0. 8nm)/(Co90FelO) 80B2 
0 ( 3 n m ) / A 1 (lnm) -O x /Co90FelO ( 3 n 
m ) / T a ( 5 n m ) 

< if >- ^ /V 5 > 

15 TMRlP!^£>g«JE&£TlS<£>ii9. iP^*£HK$Mb@^Jl/*& 

T a ( 3 n m ) / P tMn(20nm)/Co 75Fe 25(2. 
5nm) / R u ( 0 . 8 n m ) /Co75Fe25 (3nm) / 
20 Al (lnm) -O x /Co75Fe25 ( 3 n m ) / T a (5 
n m ) 

< if V 7 s JV 6 > 

TMRif ©ii^^TlE©!^ , fiP*>*£ft5tflMb@£S/*6 
»l/*S»«fl2S6it Ufc^^tttvy/H i: I L t T 
25 EG^#fc 0 

T a ( 3 n m ) / P tMn(20nm)/Co 75Fe 25(2. 
5nm) / R u (0. 8 nm) /Co75Fe25 ( 3 n m ) / 
Al (lnm) -O x /(Co90Fel0) 80B20 ( 3 n 
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m ) / T a ( 5 n m ) 

< -f - 1/ -f /V 7 > 

5 E G I: # fc „ 

T a ( 3 n m ) / P tMn(2 0nm)/Co 75Fe 2 5(2. 
5nm) / R u (0. 8nm) / (Co90FelO) 80B2 
0 ( 3 n m ) / A 1 ( 1 n m ) - O x / C o 7 5 F e 2 5 ( 3 n 
m) / T a ( 5 n m ) 

10 <ih>'7 e /V8> 

TMRi^©l«^lrTIB©I^ IP 0 A R a {b @ 3£ S / & 

ii/*Sf«ft§fiiil, «l7*yi3fi©2o03ilttl 
(|l©ift@SISt) ! ^2©iSftlti) &#»::#AfC3&«&& 

0 m- t VtcSlft-te-y- /I* 1 ti«|:LTTEGi#fc. 
15 Ta ( 3 n m ) / P t M n (20nm)/(Co90FelO) 

80B20 ( 2 . 5 n m ) / R u (0. 8nm)/(Co90F 
elO) 80B20 ( 3 n m ) / A 1 ( 1 n m ) - O x / (Co 
90FelO) 80B20 ( 3 n m ) /Ta ( 5 n m ) 

<fy//i'9 > 

20 TMRHf ^-£>Ji«j&£TlE£>iI "9 % IP *> A W ft. @ ^ jp / £ 
il/#illftS*iiL, #A ff&tttttttt £ U (Co 9 
OFe 1 0) 90S i 1 0 £ IB .£1 ^te 1J- >- :7° /l- 1 £ PI L 
TTEG^Hfc, 

T a ( 3 n m ) / P tMn(2 0nm)/Co 75Fe 25(2. 

25 5 n m ) / R u (0. 8nm) /Co75Fe25 (3nm) / 
A 1 (lnm)-O x /(Co90FelO) 90Sil0 (3 
nm) /Ta ( 5 n m ) 

<fy7 , /n o> 
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Ii/#§IlftSiii:L, ^MiK&mVkttm t U (Co9 

OF e 1 0) 9 0C1 O^JlV^c&t^fi-?-:/:/^! tliCLt 
TEG^#fc 0 

5 Ta(3nm)/PtMn(20nm)/Co7 5Fe25(2. 

5 n m ) / R u ( 0 . 8nm)/Co7 5Fe2 5 ( 3 n m ) / 
Al (lnm) -O x /(Co90Fel0) 90C10 (3n 
m) / T a ( 5 n m ) 
<fy/;H 1 > 

10 TMRi^Olt^lrTfeolt) , BP*>**JHKfbHJ£JI/l& 
ii/^| B fIftSiItL, #iH«3&B*«i#**£LT (Co 9 
OFe 10) 9 0 P 1 O^fflV^fcJ^^fifyT'/H ^ii^Lt 
TEG^#fc 6 

T a ( 3 n m ) / P tMn(20nm)/Co 75Fe 25(2. 
15 5nm) / R u (0. 8nm) /Co75Fe25 ( 3 n m ) / 
Al (lnm) - O , / (Co90Fel0) 90P10 (3n 
m) / T a ( 5 n m ) 
<fy7*/H 2> 

TMR*^oii#j^^TIBoiit), Bp-*>*£&Rafc@?£Ja/iJ6 
20 tl/^iftfblftlt #JI.K3«tt£t£|-iUT (Co 9 

OFe 10) 80S i 1 0 B 1 0 ^ffi V> J^^tt t V 1 t |^ 

T a ( 3 n m ) / P tMn(20nm)/Co 75Fe 25(2. 
5nm) /Ru (0. 8nm) /Co75Fe25 ( 3 n m ) / 
25 Al(lnm)-O x /(Co90FelO)80SilOBl 
0 (3nm) / T a ( 5 n m ) 
<ih>7°/Vl 3 > 
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mm/&M 3 »m<k&&mtv, 1 lt (co9 

OFe 10) 8 0 Z r 1 OB 1 0 ^ffl V^fc^^|j:t y T'/H 

Ta ( 3 n m ) / P tMn(20 nm)/Co 7 5Fe 2 5(2. 
5 5nm) / R u (0. 8nm) /Co75Fe25 ( 3 n m ) / 
Al ( 1 n m ) — O x /(Co90FelO) 80ZrlOBl 
0 (3nm) / T a ( 5 n m ) 

<fy/;n 4> 

10 ll/^lflibSfiiK, ^.IIR^attW^irbT (Co 9 

OFe 1 0) 8 OTa 1 OB 1 0^ffiV>fc^^«if^^°/^l t W\ 

IKLtTEG^jlfc, 

T a ( 3 n m ) / P tMn(2 0nm)/Co 7 5Fe 2 5(2. 

5nm) / R u (0. 8nm) /Co75Fe25 (3nm) / 
15 Al (lnm) - O x / (Co90FelO) 80TalOBl 

0 (3nm) /Ta (5nm) 

<i^->'7 0 ^l 5> 

TMRi^oii^^TS©!?) , BP*>3IS£frttfcS£Ji/f& 

tl/^iHSftlftlt *fiK!Sl«tttfW2:UT (Co 9 
20 OFe 10) 9 OB 1 0^1^fcK^lifyy;H Elicit 

T E G ^ # fc , 

Ta ( 3 n m) / P tMn(2 0nm)/Co 7 5Fe 2 5(2. 
5nm) / R u (0. 8nm) /Co75Fe25 ( 3 n m ) / 
Al (lnm) - O x / (Co90FelO) 90B10 ( 3 n 
25m)/Ta(5nm) 

<fy7";n 6> 

*II3KItt#fiHt (Co 9 
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OF e 1 0) 7 OB 3 0£rffl^fc£**H3:-^>-:7 P /i'l iliCLT 

T a ( 3 n m ) / P tMn(2 0nm)/Co 75Fe 25(2. 
5nm) / R u (0. 8 n m ) /Co75Fe25 ( 3 n m ) / 
5 Al (lnm)-O x /(Co90Fel0) 70B30 ( 3 n 
m ) / T a ( 5 n m ) 

<f-^7 B /l^l 7> 

TMRSl^?>g«/&£TfB<D5I9 , HP t M ffi M ^ f k @ S S / ^ 
li/#SfIit g S Jf £: L , ^II^lttlt^iLT (Co 9 
10 OFelO) 6 5 B 3 5 ^'ffl V^c fil^ t > ^ ;H ^t(. IT 
TEG^flfc, 

Ta(3nm)/PtMn(20nm)/Co75Fe25(2. 
5nm) / R u (0. 8nm) /Co75Fe25 ( 3 n m ) / 
Al (lnm)-O x /(Co90FelO) 65B35 (3n 
15 m ) / T a ( 5 n m ) 

<fy/;H 8> 

8i/*ftR«ft§SIiL, ^Sf^Itt^^tLT (Co 9 
OFe 1 0) 6 0 B 4 0 ^ffiV^c^^lit y //H ti^iiC LT 

20 TEG£r#fc 0 

T a ( 3 n m ) / P tMn(2 0nm)/Co 75Fe 25(2. 
5nm) / R u (0. 8nm) /Co75Fe25 (3nm) / 
Al (lnm) - O x / (Co90Fel0) 60B40 ( 3 n 
m) / T a (5nm) 

25 <-^^^°/^19> 

il/^^IIitlfiitL, ^laf^attff^i Ut (Co 9 
OFe 1 0) 9 5B 5 £ ffl V> fit ^ V ■? /V 1 i: IrI « t31 L T T 
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E G Sr # o 

Ta(3nm)/PtMn(20nm)/Co 75Fe 25(2. 
5nm) / R u (0. 8nm) /Co75Fe25 (3nm) / 
Al (lnm) - O % / (Co90FelO) 95B5 ( 3 n m ) 
5 / T a ( 5 n m ) 

^LT, # ft # if- >- y 1 ~ >- 7* /l- 1 9©TEG|:^L 
T . TlBWi? tttTMRJt, &!K;fc©tfS>o#. ft & it % W 

(TMRtt©a^) 

10 itOMRAMfCi^/^Dif fli, «^a#^J:oT^ 
ft % 5 0 OOe Hf; t 

& ^ % «{b§*«o«'fk^««io — ^fflad*e>^.-c - 5 0 00 e 

3> b + 5 0 0 OeSti?lt5^Hl:> 17 — K*WLOif^ 
5/ K 2 3 t \f y MBLOSf^'y K 2 4 t \Z. i>* 5 s< 4 T * M 
20 ffi 2S 1 ' 0 OmVi/^i^CPiLT, i^tt h /Wg^ II h 

© a {b ^ sp fr © # «g x* $> o x m #t & i& v> ts -t? o ffi m m t , 

25 TMRjt.^tfefco 

5 % _h Tr h 5 - t ^ 0 t. U V> e 
( {fc ^ H c <^^bo#) 
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±fS£> T MR it <7>mfe ft X r> R-Hft^^^^^o-^UT, 

r - h a m a> h , at^bH^Jifca^kiiJioaasikiss^fTo^iia 

ffil^Hci lfc 0 rcD^a^Hc^, |^ — (75^^ (TEG) 
^tlT5 OHIit)IUSIilL^iIiAHc £ & fc 0 b T . 
A H c / (HcO^^IK) ^§I^Hc(Dtff,o#Oti Ufc 8 

10 tf o t 14 % 0 * b < 6 % ^ T s £ t) 0 * b < ft 4 % ^ T K 
£fl XL -5 o 
( A ^ it <D fflfl S ) 

R - H ft ifc . $L]&<Dft1&it$:3t#>tL e mfem<D- 5 

0 0 O e fa h + 5 0 00 e £-Ctf>fl&#$6ffli::*5tt5R-Hftjft0) 
15 Rlma x-Rlmi nHn«S (H=0) T* <£> R 2 m a x - 
R2mi n t ©Jt, (R2ma x-R2mi n) / (Rlma x — 
Rlmi n ) £>fit£2fctf>T. Z. tl & & j& it b V it: „ 

0. 9 (9 0%) EJtJb-CfcSdtas&ibV*. 
20 isyjU 1 >Zf/]s 1 9l:o^T, TMRJt, &kM£l He 
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